listener at the colloquia, and most of all, a source of inspiration and information to many, from young to old. His work also resulted in many influential papers. In spite of increasing deafness, his interest remained vivid until the end.
Oort's very rich oeuvre has so many facets -in each of which he excelled -that a descrip tion could start at almost any point. For this memoir we chose a largely chronological order.
By painstaking research, Kapteyn had discovered certain regularities in the statistical dis tribution of stellar velocities. But neither he nor others had been successful in their attempts to put these laws into a clear physical model. Oort's thesis research, which extended this topic to the stars of very high velocity, brought a clue in the form of a striking asymmetry. Only a year later (1927) Oort showed that this asymmetry was a natural consequence of the model, suggested by B. Lindblad, of a rotating, disk-shaped galaxy. The personal memories of his younger colleagues P. van de Kamp and B. Bok, recorded in the Liber Amicorum at the occasion of Oort's 80th birthday (1)*, give us a vivid account of this exciting discovery.
In this model the inner parts rotate with a shorter period than the outer parts, but, in con trast to the law of planetary motion, the rotation speeds at different distances from the axis have to be found empirically. The two main constants, expressing the circular velocity at the position of the Sun and its gradient, are referred to in all textbooks as the Oort constants. It became quite clear that the galactic centre must be somewhere in the direction of the constel lation Sagittarius. But the centre itself remained utterly invisible because of the intervening interstellar dust clouds.
Let us jump from this point to the early years of radio astronomy. Oort's keen intuition for what might later become important did not fail him. The measurements by Jansky and by Reber, although primitive by present standards, had shown that the Milky Way emitted, as well as light, faint radio noise. While many of the leading astronomers saw this as a mere curiosity, Oort saw clearly the discovery's significance. This radiation would not be obstructed by dust clouds and should thus reach us from the farthest parts of the Galaxy. This alone had the potential to extend the reach of astronomy enormously. But if it could be com bined with measured Doppler shifts of a spectral line, the old model of differential rotation could be employed to map the entire Galaxy.
This is exactly what happened. Fortunately there was a suitable, strong line emitted by the hydrogen atom at 21 cm. It had been predicted in 1944 but at that time the low-noise receivers at those frequencies were insufficiently developed. In the summer of 1951, within a span of a few months, there were three successful observations: first the Harvard astronomers (H.L. Ewen and E.M. Purcell) observed this line, then the Netherlands group (C.A. Muller and J.H. Oort) saw it, and then the Australians (J.L. Pawsey).
In the meantime the Stichting voor Radiostraling van Zon en Melkweg (Foundation for Radio Astronomy) had been brought into being. Thanks to Jan Oort's efforts and persuasion it combined all the expertise and ideas in The Netherlands, in contrast to the more piecemeal initiatives elsewhere. This gave us a kind of head start. In 1953 the first map of the Milky Way Galaxy was published, based on observations with a brand new receiver designed by C.A. Muller. The receiver was placed in a radar mirror left behind by the occupying forces, and the data analysed by means of the same concept of differential rotation that Oort, a quarter of a century earlier, had used so successfully to study the nearest vicinity of the Sun. This map -which was soon after extended by Australian observations into the southernmost * Numbers in this form refer to references at the end of the text. sky, and has since been refined in many ways -has found its way into innumerable text books and popular articles.
The most striking feature of this map was the presence of spiral arms. For the first time, observations showed unmistakable evidence that our Galaxy has a similar kind of spiral pat tern as many other disk-shaped galaxies. The parts of the arms that are nearest to our position (the Sun), mapped a few years earlier on the basis of optical observations, matched quite well.
In Oort's research, interstellar matter gradually evolved from its initial status as an annoying complication to a vital ingredient in the play of galactic dynamics. The study of the stellar motion components perpendicular to the galactic plane led him, in a much cited article in 1932, to derive a limit to the density of interstellar matter in the solar vicinity. Only tiny dust particles, with sizes of the order of the wavelength of light, can explain the observed amount of obscuration without violating this weight limit. Years later we find Oort seriously worrying about the growth of these particles by condensation from the interstellar gas. He concluded that, if left alone, they would grow too big; there must be processes interrupting the calm growth.
Gradually, Oort's picture of the interstellar matter became more and more dynamic. His George Darwin Lecture, presented in 1946 to the Royal Astronomical Society, was a break through towards solving these dynamic problems. Supemovae and their remnants, of which the Cygnus Veils and the Crab Nebula are spectacular examples, are the prime movers in this dynamic interplay. Many conversations with his friend, the aerodynamicist J.M. Burgers from Delft University, led in 1949 to a symposium where aerodynamicists and astronomers together addressed these problems. This symposium revealed many unsolved questions and had follow-ups in 1953, 1957 and later. During a visit to Princeton, Oort and L. Spitzer described the way in which newly bom hot stars contribute to the dynamics of the interstellar medium.
Oort's intuition was correct. Subsequent developments, notably in the observations of Xrays, gamma rays, and far infrared radiation, left no doubt that our Galactic System is subject to violent events. The highly detailed maps, which are now available for the 21 cm line and for other lines like carbon monoxide, confirm this general image. Regions of recent or con tinuing star-formation and remnants of old explosions are together responsible for the highly varied picture that the Galaxy presents us.
Oort contributed to these world-wide developments by a sound physical judgment and a keen eye for detail. He enjoyed putting his Chinese-speaking colleague, J.J.L. Duyvendak, to work on what could be found out from Chinese chronicles about the supernova explosion of AD 1054 that has led to the Crab Nebula. He was never content with the conventional expla nation of the continuous spectrum of the Crab Nebula. But when developments in radio astronomy made people speculate about the possibility that this continuum arose from syn chrotron radiation, he convinced Th. Walraven to mount his newly developed polarimeter on the 30 cm refractor at Leiden. The map of the polarization of the Crab Nebula, obtained jointly by Walraven and Oort as a result of this effort, became a classic result. It was also the last big optical research project conducted under the Leiden city sky. Oort kept emphasizing that the tiny ripples of light that W. Baade had repeatedly observed in the central parts of the Crab Nebula meant that something was still happening there even now, 900 years after the explosion. Later, a strong pulsar, which also emits X-rays and gamma rays, was discovered at this central location. L. Woltjer's doctoral thesis on the Crab Nebula (1957), written under Oort's supervision, was a worthy conclusion to this exciting period.
Examples of violent dynamic motions were also known in other galaxies. But before fol lowing Oort's jump into the big universe, let us step back to a topic much closer to home: the comets. Oort became fascinated by the great advances, both in quantity and precision, of the data on original orbits of comets, i.e. on the orbits the comets would have if they were unaf fected by the planets. After others had failed to make sense of the data, Oort arrived, by a painstaking study of the statistics of the semi-major axes of these orbits, at a conclusion that was, for him, unavoidable: distributed around the solar system, but farther from the Sun than the planets, there must be a large reservoir of comets. Passing stars disturb this reservoir suf ficiently strongly and sufficiently often to let some of the comets escape. Many of these then vanish into space, but some happen to orbit toward the solar vicinity and become visible as 'new comets'.
This reservoir is now known as the 'Oort Cloud', and although Oort himself only regarded his work on it as an interesting side-excursion, the discovery alone is enough to give him world fame. Oort is also the only person known to me who has consciously seen two appear ances of Halley's comet: the first time as a boy, the second time as eminence grise. He warmly supported the daring (and successful) plan of the European Space Agency (ESA) to send the space probe Giotto through the coma of this comet and thus collect, in a quarter of an hour, the first ever close-up observations of a comet. But when, during the tense hours before the encounter, he was interviewed on TV, he also made quite clear that his deepest interests lay in objects a million and more times farther away.
The leap from galactic studies to the investigation of the whole universe owes much to recent advances in telescopes and instrumentation; Oort's role in helping to set up the new technologies was pivotal. In traditional astronomy (based on optical wavelengths), Oort's ini tiative led in 1953 to the establishment of what later became the European Southern Observatory. The Observatory's telescopes in Chile are now among the best and the biggest in the world. In radio astronomy, his unrelenting inspiration led in 1956 to the 25 m tele scope at Dwingeloo and, in 1970 , to the Synthesis Radio Telescope at Westerbork, which now houses 14 such telescopes. The jump from Dwingeloo to Westerbork pretty well marks the jump from galactic objects to extragalactic objects as the main research themes.
From the first identification of strong radio sources, and the counts of weak sources by M. Ryle, it had been evident that among the many radio sources there must be beacons of unprecedented strength that could be traced to enormous distances, i.e. into the very early universe. The quasars, identified in 1963 by Oort's former student M. Schmidt, are such bea cons. From that point on, effort was directed towards logging the statistics of all apparently weak radio sources, so that the most interesting could be selected for detailed study. The long list of Groningen and Leiden's theses contributed to this task. It is no accident that Oort, in his first 10 years as an Emeritus Professor, dropped all his administrative duties but remained an extremely active advisor to the Programme Committee, whose task it was to outline the scientific strategy of the observations at Westerbork.
One of the most important themes in this area is the uneven, mottled structure of the dis tribution of galaxies in the sky -a subject that had intrigued Oort since his younger years. Many of the observed galaxies are not only gathered in conspicuous clusters, but, as the new data made increasingly clear, the clusters themselves are grouped in superclusters. The foun dation of this puzzling structure must have been laid at a very early stage in the history of the Universe, before the galaxies were even formed. In 1983 Oort published a masterly review on superclusters, but their origin still remains a mystery.
The past 10 years have seen enormous progress in the study of the most distant galaxies, and Oort continued to follow these developments with intense interest. However, the ques tion as to whether the universe is open or closed -an issue that has been fundamental to cos mological theories for over 60 years -remains unanswered. I did not receive the impression that Oort was deeply unhappy about this lack of a final answer; after all, his deepest interest was not in cosmology but in the cosmos and its incredible wealth of phenomena.
Detailed research, using many areas of the spectrum, was necessary to infer some order from the motley collection of stellar systems visible from Earth. Oort's penetrating advice and magnificent overview helped to foster such work. Topics ranged from the double lobes of strong radio sources, via various forms of 'activity' in the central parts of stellar systems, to the meticulous mapping of the structure of nearby galaxies. Quite early, Oort had become convinced that the 'activity' observed in some parts of the Universe was the consequence of very compact sources near the centre of many systems. It is now widely thought that such sources will turn out to be black holes.
The topic that held Oort's interest the longest is, without doubt, the centre of our own galaxy. One of the first discoveries in Dwingeloo was the expanding '3 kiloparsec arm', which proved that, at such distances from the centre of the galaxy, motion is by no means confined to quiet circular orbits. Radio observations of continually increasing sharpness, and, subsequently, the infrared observations, including those made by the IRAS satellite, very gradually lifted the veil on the strange events taking place in the immediate vicinity of the galactic centre. In 1977 Oort summarized what was known about the structures on various scales in the central regions of our galaxy in a 70-page paper that immediately became a standard reference.
The summary I have given must not leave the reader with the impression that Oort was a workaholic. He was an ice-skater, rower and hiker, an amateur connoisseur of art, a beloved father, grandfather and great-grandfather, and most of all, someone with a warm heart for everyone that came his way, professionally or otherwise. The Canadian H. van der Laan describes in the Liber Amicorum how deeply impressed he was, on entering Oort's office for the first time, by this epitome of European erudition.
If Oort was convinced that a certain development would be useful for scientific progress, he usually managed to convince others. This made him into an excellent diplomat. Having been General Secretary of the International Astronomical Union (IAU) from 1935 to 1948, he earned praise for the efficient way that he repaired the damage done by World War II. From 1958 to 1961 he served as President of the IAU. Clearly seeing the danger that interfer ence by terrestrial telecommunication might smother radio astronomy, Oort established, together with Balth. van der Pol, a common front for astronomers vis-a-vis the International Telecommunications Union (ITU). This effort led to reservation or partial protection of sev eral frequency bands, but the problem continues to require close attention.
What was the secret of Jan Oort's keen sense of what would become important, and of his incredible productivity? The essays in the Liber Amicorum' shed light from various sides on this question. A certain factor is that Oort's pioneering spirit and penetrating curiosity never allowed him to be sidetracked -not even to find a more elegant proof or to consolidate his extensive knowledge in a book. While others would be tempted towards such work, Oort was already working on the next problem. In a short autobiographical note2 he says that he were to have written an autobiography, the title might have been: 'Looking ahead in wonder'.
Some echoes of the great from the international astronomical world after Oort's death. W. McCrea: 'The astronomer's astronomer'. S. Chandrasekhar: 'The Great Oak of Astronomy has been felled; and we are lost without its Shadow'.
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